We consider the N = 1 supersymmetric gauge theories with product gauge groups. The two kinds of D6-branes in the electric theory are both displaced and rotated respectively where these deformations are interpreted as the mass terms and quartic terms for the two kinds of flavors. Then we apply the Seiberg dual to the whole gauge group factors by moving the branes and obtain the corresponding dual gauge theories. By analyzing the magnetic superpotentials consisting of an interaction term between a magnetic meson field and dual matters as well as the above deformations for each gauge group, we present the type IIA nonsupersymmetric meta-stable brane configurations.
Introduction
The dynamical supersymmetry breaking in meta-stable vacua [1, 2] arises in the N = 1 supersymmetric gauge theory with massive fundamental quarks. The additional quartic term for the quarks in the electric superpotential [3, 4] also leads to the nonsupersymmetric metastable ground states in its magnetic theory when the gravitational attraction of NS5-brane [5] is considered. In this construction, taking the Seiberg dual, magnetic theory, from an electric theory is a crucial step to find out new meta-stable supersymmetry breaking vacua.
So far, the Seiberg dual one takes in the context of nonsupersymmetric meta-stable ground states is only for a single gauge group from a single or multiple electric gauge group. Although the electric theory has many gauge group factors, the magnetic dual only for one single gauge group is considered. On the other hand, it is known, in the construction of supersymmetric ground states or its type IIA brane configurations [6] , that a number of gauge theory duals(magnetic theory) involving product gauge groups can be interpreted in terms of branes of type IIA string theory. Then it is natural to ask what happens for the dynamical supersymmetry breaking in meta-stable vacua, in the N = 1 supersymmetric product gauge theories which have mass terms [1, 7, 8, 9] and quartic terms [3, 4] for the flavors in the electric superpotential, if one dualizes the whole two gauge groups, not a single gauge group.
One simplest example can be realized by three NS-branes, D4-branes and D6-branes [10] . Now the second example can be obtained by adding orientifold 4-plane to this brane configuration and describes different gauge group and matter contents [11, 12] . Or if one adds orientifold 6-plane to the simplest brane configuration, one possible third example is realized by four NS-branes, D4-branes and D6-branes [13] . All of these examples possess their Seiberg duals either in the gauge theory side [14, 15, 13] or string theory side for the supersymmetric ground states 10 years ago.
In this paper, one reexamines these supersymmetric brane configurations and extracts the possible brane motions, during the dual process, for new meta-stable brane configurations, along the lines of [16, 17, 18, 19, 20] . The geometrical positions of the branes and the creation of D4-branes when the NS5-brane and D6-brane are intersecting each other with an angle, play the important role for removing the unwanted gauge singlets and selecting the wanted gauge singlet which is originated from the quadratic term and mass term of flavors in an electric theory.
In section 2, we review the type IIA brane configuration corresponding to the N = 1 SU(N c )×SU(N ′ c ) gauge theory with fundamentals and bifundamentals and deform this theory by adding both the mass terms and the quartic terms for the fundamentals. Then we describe the dual N = 1 SU( N c ) × SU( N ′ c ) gauge theory with corresponding dual matter as well as a gauge singlet. We discuss the nonsupersymmetric meta-stable minimum and present the corresponding intersecting brane configuration of type IIA string theory.
In section 3, we review the type IIA brane configuration corresponding to the N = 1 SO(2N c ) × Sp(N ′ c ) gauge theory with vectors, fundamentals, and bifundamentals and deform this theory by adding both the mass terms and the quartic terms for the vectors and fundamentals. Then we describe the dual N = 1 SO(2 N c ) × Sp( N ′ c ) gauge theory with corresponding dual matter as well as a gauge singlet. We describe the nonsupersymmetric meta-stable minimum and the corresponding intersecting brane configuration of type IIA string theory.
In section 4, we review the type IIA brane configuration corresponding to the N = 1 SU(N c ) × SO(N ′ c ) gauge theory with fundamentals, vectors, and bifundamentals and deform this theory by adding both the mass terms and the quartic terms for the fundamentals and vectors. Then we describe the dual N = 1 SU( N c )×SO( N ′ c ) gauge theory with corresponding dual matter as well as a gauge singlet. We study the nonsupersymmetric meta-stable minimum and the corresponding intersecting brane configuration of type IIA string theory.
In section 5, we comment on the future directions. 
Electric theory
The type IIA supersymmetric electric brane configuration [10, 21, 22, 23] 
′ , Q ′ and bifundamentals X, X can be described as one middle NS5-brane, two NS5'-branes, N c -and N ′ c -D4-branes, and N f -and N ′ f -D6-branes. The X is in the representation ( , ) while the X is in the representation ( , ) under the gauge group. The quarks Q and Q are in the representation ( , 1) and ( , 1) respectively under the gauge group. Similarly, the quarks Q ′ and Q ′ are in the representation (1, ) and (1, ) respectively under the gauge group. The mass terms for each fundamental quarks can be added by displacing each D6-branes along
direction leading to their coordinates v = +v D6 −θ (+v D6 −θ ′ ) respectively while the quartic terms for each fundamental quarks can be added also by rotating each D6-branes by an angle
Here we define the complex coordinate w as
Then, in the electric gauge theory, the general superpotential is given by
The last two terms of (2.1) are due to the rotation angles ω L and ω R of two NS5'-branes in (w, v)-plane where β ≡ (tan ω L + tan ω R ) and the relative displacement of two color D4-branes where the mass for the bifundamentals m X ≡
is the distance of D4-branes along the v-direction. We focus on the particular limit β, m X → 0.
Then the N = 1 supersymmetric electric brane configuration for the superpotential (2.1) in type IIA string theory is given as follows and let us draw this brane structure in Figure 1 explicitly:
• One middle NS5-brane in (012345) directions • Two NS5'-branes in (012389) directions 
Magnetic theory
The left NS5'-brane starts out with linking number l e = − 
In general, when the N f D6 −θ -branes meet the middle NS5-brane during the dual process, the new D4-branes are created because they are not parallel. However, we consider only the particular brane motion where N f D6 −θ -branes meet the middle NS5-brane with no angles. In other words, the D6 −θ -branes
-branes when they meet with the middle NS5-brane instantaneously and then after that they come back to the original D6 −θ -branes. Therefore, in this dual process, there is no creation of D4-branes. That is the reason for the N f factor in the l m , not 2N f . Then it turns out that the dual color number N Furthermore, we do not see any P -or P -dependent terms in the superpotential (2.2) when the N f D6 −θ -branes, the N f D6 −θ ′ -branes and the middle NS5-brane during the dual process meet each other with no angles. These mesons P and P originate from SU(N c ), these cubic terms arise as P and P -term in (2.2) where there exist extra quarks q and q while P and P have extra Q and Q fields, due to the further SU(N c )-dualization.
All these features for selecting the wanted gauge singlet during the dual process has occurred also in the different gauge theories [24, 25] where the gauge group is a single gauge group with the presence of O6-plane and in these cases the brane does not move independently due to the O6-plane. Then the reduced magnetic superpotential in our case with the limit β, m X → 0 is given by
For the supersymmetric vacua, one can compute the F-term equations for this superpotential (2.3) and the expectation values for
The seventh and eighth equations of (2.4) are satisfied if the the second, third, fifth and sixth equations of (2.4) hold: Of course, if we put an orientifold 6-plane at the origin, then this figure reduces to the one in [24] where the matter contents and superpotential should be preserved under the O6-plane. The theory has many nonsupersymmetric meta-stable ground states and when we rescale the meson fields as
then the Kahler potential for Φ 0 and Φ ′ 0 is canonical and the magnetic quarks are canonical near the origin of field space [1] . Then the magnetic superpotential (2.3) can be rewritten as 
Here The supersymmetric ground state corresponds to
Now the full one loop potential, by combining the superpotential and the vacuum expectation values for the fields, takes the form
. Differentiating this potential with respect to Φ † n and Φ ′ † n ′ and putting ϕ ′ y = 0 = y ϕ ′ and ϕy = 0 = yϕ [3] , one obtains, using the methods given in [16, 17, 18, 19, 20] ,
corresponding to the w coordinates of n curved flavor D4-branes between the D6 −θ -branes and the NS5'-brane and the w coordinates of n ′ curved flavor D4-branes between the D6 −θ ′ -branes and the NS5'-brane respectively. 
Higher order superpotential for bifundamentals
In general, there are also different meson fields Then the k ′ -dependent magnetic superpotential with the limit β, m X → 0 is given by
Then the analysis for the previous single NS5'-brane case can be performed in this case also.
One deforms the generalized Figure 3 , where there are multiple NS5'-branes, by displacing the multiple D6 −θ,−θ ′ -branes and NS5 ′ -branes along v direction, as in [19, 20] . Then the n curved flavor D4-branes attached to them(as well as other D4-branes) are displaced also as
Similarly, the n ′ curved flavor D4-branes attached to them(as well as other D4-branes) are displaced also as k ′ different n ′ j 's connecting between D6 −θ ′ ,j -brane and the left NS5 
, then the Kahler potential for Φ j and Φ ′ j is canonical and the magnetic quarks q j , q j and q ′ j , q ′ j are canonical near the origin of field space [1] . Then the magnetic superpotential can be rewritten in terms of
In order to see the nonsupersymmetric meta-stable ground states, one can split some of the components of hΦ 0 , q
The supersymmetric ground state corresponds to
when k ′ is even. For k ′ odd, one gets similar supersymmetric ground states. The full one loop potential can be written similarly and the local nonzero stable point arises as
corresponding to the w coordinates of n j curved flavor D4-branes between the D6 −θ,j -branes and the NS5 ′ R,j -brane and the w coordinates of n ′ j curved flavor D4-branes between the D6 −θ ′ ,j -branes and the NS5 ′ L,j -brane respectively. Therefore, the meta-stable states, for fixed k ′ which is related to the order of the bifundamental field in the superpotential and θ and θ ′ which are deformation parameters by rotation angles of D6 −θ,−θ ′ -branes, are classified by the number of various D4-branes and the positions of multiple D6 −θ,−θ ′ -branes and NS5'-branes [19, 20] :
The description of other range for the N f , N ′ f and k ′ can be analyzed similarly.
′ f -fund. and bifund.
Let us add orientifold 4-plane to the previous brane configuration.
Electric theory
The type IIA supersymmetric electric brane configuration [26, 11, 12] respectively while the quartic terms for the quarks can be obtained by rotating the D6-branes by an angle −θ(−θ ′ ) in (w, v)-plane respectively. Then, in the electric gauge theory, the general superpotential is given by
The last two terms of (3.1) are due to the rotation angle ω of NS5'-branes where β = tan ω and the relative displacement of D4-branes where the mass for the bifundamental
is the distance of D4-branes in v direction. We focus on the limit β, m X → 0.
Let us summarize the N = 1 supersymmetric electric brane configuration for the superpotential (3.1) in type IIA string theory and we do not draw this here but it is given by Figure   1 with the appearance of mirrors for an orientifold 4-plane.
Magnetic theory
The left NS5'-brane starts out with linking number l e = − -branes when they meet with NS5-brane instantaneously and then after that they come back to the original D6 −θ ′ -branes.
Then it turns out that the dual color number 2 N c is given by 2 N c = 2N 
where the mesons are
The first line of (3.2) was appeared in [14] . Note that the mesons of the SO(2N c ) group couple to the dual quarks As before, our particular brane motion during the dual process does not produce any D4-branes when the 2N f D6 −θ -branes meet the middle NS5-brane. This implies that there is no M 1 term in the above superpotential (3.2) 3 . Similarly, when the 2N ′ f D6 −θ ′ -branes meet the middle NS5-brane, the fact that there is no creation of D4-branes leads to the fact that there is no M ′ 1 term in the above superpotential (3.2) also 4 . Furthermore, we do not see any P -dependent term in the superpotential (3.2) when the 2N f D6 −θ -branes, the 2N ′ f D6 −θ ′ -branes and the middle NS5-brane, during the dual process, meet each other with no angles 5 . Then the reduced magnetic superpotential in our case with the limit β, m X → 0 is given by
For the supersymmetric vacua, one can compute the F-term equations for this superpotential 
The fifth equation of (3.4) is satisfied if the second and fourth equations of (3.4) hold: Y q ′ M 0 = 2 As in unitary case of previous section, it does not matter the order of dualization. We obtain the same dual gauge theory if we start with SO(2N c ) dualization, then Sp(N ′ c ) dualization and end up with SO(2 n c ) dualization. 3 The meson M 1 originates from SO(2N c ) chiral mesons QQ when one dualizes the first gauge group factor first. That is, the fluctuation of the strings stretching between the 2N f "flavor" D4-branes provides this meson field. The superpotential at this stage contains the cubic term between this meson field and dual quarks. After two additional dual procedures, Sp(N 
Here ϕ ′ is 2n×2( N 
Now the full one loop potential from the above superpotential and vacuum expectation values for the fields takes the form [1, 27] . Differentiating this potential with respect to Φ 2n and Φ ′ 2n ′ and putting yϕ ′ = 0 = ϕy [3] , one obtains
corresponding to the w coordinates of 2n curved flavor D4-branes between the D6 −θ -branes and the NS5'-brane and the w coordinates of 2n ′ curved flavor D4-branes between the D6 −θ ′ -branes and the NS5'-brane respectively.
Higher order superpotential for bifundamental
In general, there are also different kinds of meson fields 
Then the analysis for the previous single NS5'-brane case can be performed in this case.
One deforms the nonsupersymmetric brane configuration, which is generalized Figure 3 with an orientifold 4-plane(and there are multiple NS5'-branes), by displacing the multiple D6 −θ,−θ ′ -branes and the left and right NS5 ′ -branes along v direction [19, 20] . Then the n curved flavor D4-branes attached to them are displaced also as k ′ different n j 's connecting between D6 −θ,jbrane and NS5 
The full one loop potential can be written similarly and the local nonzero stable point arises as
corresponding to the w coordinates of 2n j curved flavor D4-branes between the D6 −θ,j -branes and the NS5 Let us add an orientifold 6-plane to the brane configuration of section 2 and one extra NS5-brane is needed for the mirror.
Electric theory
The type IIA supersymmetric electric brane configuration [13, 23] 
The last four terms of (4.1) are due to the rotation angles ω and ω ′ of NS5-branes and NS5'-branes where β i with i = 1, 2, 3 depend on ω and ω ′ and the relative displacement of D4-branes where the mass term for the bifundamental m X ≡
is the distance along the v-direction.
We focus on the case β i (i = 1, 2, 3), m X → 0. Let us summarize the N = 1 supersymmetric electric brane configuration for the superpotential (4.1) in type IIA string theory as follows and draw this in Figure 4 :
• Two NS5-branes in (012345) directions 
Magnetic theory
The left NS5'-brane starts out with linking number l e = − + N f − N c . In general, when the left N f D6 −θ -branes meet the left NS5-brane during the dual process, the new D4-branes are created because they are not parallel. However, we consider only the particular brane motion where the left N f D6 −θ -branes meet the left NS5-brane with no angles. In other words, the D6 −θ -branes become D6 − π 2 -branes when they meet with left NS5-brane instantaneously and after that then they come back to the original D6 −θ -branes. Therefore, in this dual process, there is no creation of D4-branes.
Also when the left N f D6 −θ -branes meet the right NS5'-brane during the dual process, the new D4-branes are created because they are not parallel. However, we consider only the particular brane motion where the left N f D6 −θ -branes meet the right NS5'-brane with no angles. That is, the D6 −θ -branes become D6-branes when they meet with right NS5'-brane instantaneously and then after that they come back to the original D6 −θ -branes. Similarly, 
Here the mesons are
Note that the mesons of the SU(N c ) group couple to the dual quarks of SU( N c ) and the mesons of the SO(N .2) is present in [13] .
As in section 2, one can dualize each gauge group independently of the other. One labels As we explained before, our particular brane motion during the dual process does not produce any D4-branes when the left N f D6 −θ -branes meet the left NS5-brane. This implies that there is no M 2 term in the above superpotential (4.2). We consider only the particular brane motion where the left N f D6 −θ -branes meet the right NS5'-brane with no angles. This implies that there is no M 1 , R or R term in the above superpotential (4.2). By construction, there are no additional D4-branes connecting the left NS5-brane and N ′ f D6 −θ ′ -branes after duality. This leads to the fact that there is no M
7 . Furthermore, 6 It does not matter the order of dualization. We obtain the same dual gauge theory if we start with SO(N 9 . Similarly, we do not see any R-or R-dependent terms in the superpotential (4.2) 10 . Then the reduced magnetic superpotential with the limit
For the supersymmetric vacua, one can compute the F-term equations for this superpo- 8 These mesons P 1 and P 1 originate from SU (N c ) chiral mesons Q X and QX [23] when one dualizes the first gauge group factor first. That is, the strings stretching between the N f "flavor" D4-branes and N ′ c color D4-branes give rise to these 2N f SO(N ′ c ) vectors. The superpotential in [23] contains the cubic term between dual bifundamental, these meson fields and dual quarks. After three additional dual procedures, SO(N ′ c ), SU ( n c ), SO( n ′ c ), these cubic terms arise as P 1 and P 1 -term in (4.2) where there exist extra quarks q ′ -dependence while P 1 and P 1 have extra X XQ ′ and XXQ ′ fields respectively, due to the further SO(N ′ c ) and SO( n ′ c )-dualizations. 9 These mesons P 0 and P 0 originate from SO(N ′ c ) chiral mesons XQ ′ and XQ ′ when one dualizes the second gauge group factor. That is, the strings stretching between the N ′ f "flavor" D4-branes and N c color D4-branes give rise to these 2N ′ f SU (N c ) fundamentals. The superpotential contains the cubic term between dual bifundamental, these meson fields and dual quarks. After three additional dual procedures, SU (N c ), SO( n ′ c ), SU ( n c ), these cubic terms arise as P 0 and P 0 -term in (4.2) where there exist extra factors q Y Y and qY Y respectively while P 0 and P 0 have extra Q and Q fields respectively, due to the further SU (N c ) and SU ( n c )-dualizations. 10 These mesons R and R originate from SU (N c ) chiral mesons XQ and X Q when one dualizes the first gauge group factor first. That is, the strings stretching between the N f "flavor" D4-branes and N In this case, the corresponding electric brane configuration can be read off from Figure 4 by changing the O6 + -plane into O6 − -plane and the NS5-brane(NS5'-brane) into the NS5'-brane(NS5-brane). One analyzes the magnetic theory by using the method of the previous case and obtains the corresponding reduced magnetic superpotential where M ′ 0 is an antisymmetric matrix. Also the nonsupersymmetric brane configuration can be obtained from the Figure 6 by changing the role of NS5-brane and NS5'-brane.
5
Conclusions and outlook
In this paper, we presented the meta-stable brane configurations for the product gauge groups by dualizing the whole gauge groups. In the context of supersymmetric brane configurations, there are also different kinds of dual theories we did not study in this work, from the gauge theory side or IIA string theory side. For example, the theory with adjoint fields, the theory of generalization of [28] , the gauge theory with triple product gauge groups which does not have corresponding field theory analysis or higher product gauge groups [29, 30] , the theory with product gauge groups when the orientifold 6-plane is located at the NS5-brane or the NS5'-brane [31] , or the theory with no D6-branes [32, 33, 34, 35] . It would be interesting to discover whether the meta-stable brane configurations exist.
